Objective: To examine the serum fatty acid and lipid pro®les and dietary intake of Hong Kong Chinese omnivores and vegetarians with respect to cardiovascular health. Design: Random population survey strati®ed by age and sex. Subjects: One-hundred and ninety-four omnivore subjects (81 men, 113 women) age 25 ± 70 y, and 60 ovo-lactovegetarian adults (15 men, 45 women) age 30 ± 55 y. Measurements: Nutrient quantitation was by a food frequency method. Serum fatty acids were analysed by gas chromatography, and serum lipid by standard laboratory methods.
Introduction
The relationship between dietary factors such as the adverse effect of meat and saturated fat consumption and the bene®cial effect of vegetables, fruits and nuts, towards coronary heart disease has been well documented in Caucasian populations (Bonanome & Grundy, 1988; Key et al, 1996; Fraser, 1999) . Studies also showed that vegetarians have lower incidence of cardiovascular diseases (Key et al, 1996; Fraser, 1999) . The incidence and mortality from coronary heart disease in Hong Kong Chinese is oneeighth to one-quarter of that in Caucasian populations (Woo & Donnan, 1989; Department of Health, 1994) . This may in part be explained by dietary differences. Dietary fat and fatty acid composition have been documented as risk factors for coronary heart disease (Ascherio et al, , 1999 Simon et al, 1995) . Fatty acid intake estimated by dietary record or duplicated meal measurement alone is either unreliable or too complicated (Roshanai & Sanders, 1985; Hunter et al, 1992) . However, body fatty acid composition re¯ects the quality of dietary fat and the type of fat consumed over a long period (Hunter et al, 1992) . To date the serum fatty acid pro®le has not been documented for the Chinese population. As part of a territory-wide cardiovascular risk factor study in Hong Kong, we investigated the serum fatty acid composition, serum lipids and dietary intake of Chinese omnivores and vegetarians with respect to cardiovascular health.
Methods

Subjects
One hundred and ninety-four (81 men and 113 women) aged 25 ± 70 y healthy community omnivore subjects were randomly selected, strati®ed for age and sex, from the territory-wide cardiovascular risk factor study (CRFS) 1995 (Woo et al, 1997) . The number of subjects in each age and sex group was according to the percentage distribution in the CRFS (Table 1) . For comparison between omnivores and vegetarians, serum fatty acid analysis was carried out in 133 (56 men and 77 women) omnivore subjects, matched for age and body mass index with the vegetarian subjects. Data from all omnivore subjects were used for comparison with other countries.
Sixty healthy vegetarian adults (15 men and 45 women) aged 25 ± 55 y, were recruited from the local vegetarian societies and religious groups by advertising through letters and telephone contacts to the respective representatives.
The criteria for inclusion as vegetarian subjects were that they consumed no meat or ®sh but may consume dairy products or eggs, and had maintained a vegetarian diet for at least one year.
Serum lipid analysis
Twenty millilitres of venous blood were taken after an overnight fast. Sera were collected for blood lipids examination and the remainders were stored at À70
C before fatty acid analysis. Cholesterol concentration was measured on the Hitachi 717 analyser using the cholesterol oxidation method (CV2 2.9% at 3.3 mmolal and 2.5% at 7.0 mmolal), and triglyceride by the same instrument using the lipasea glycerol kinase method (CV 3.3% at 0.63 mmolal). Highdensity-lipoprotein cholesterol (HDL-C) was measured on the Hitachi 717 analyser after precipitation of very-lowdensity-lipoprotein cholesterol (VLDL-C), and low density lipoprotein (LDL-C) by polyethylene glycol PEG 6000 (CV 4.2% at 1.64 mmolal). LDL-C was calculated by the Friedewald equation (Friedewald et al, 1972) , provided total triglycerides did not exceed 4.0 mmolal. The serum apolipoprotein-A (apoA-I) and apolipoprotein B (apoB) concentrations were assayed using an immunoradiometric assay (IRMA, Mercadia apo(a) RIA kit, Uppsala, Sweden, previously known as Pharmacia apo(a) (RIA). The method has an average interassay variation of 3 ± 5%.
Serum fatty acid analysis Sera were thawed to room temperature for fatty acids analysis. Serum lipids were extracted from blood samples with 5 ml chloroform-methanol (2 : 1, vav). Heptadecanoic acid (17:0) was added as an internal standard to quantify the fatty acids in serum samples. This fatty acid was used because it is not presented in human plasma and its recovery rate is greater than 98%. Samples were then centrifuged at 1000 rpm for 15 min. The chloroform phase containing the extracted lipids was separated by aspiration and transferred to the methylation tube. Fatty acids in serum were converted to their corresponding fatty acid methyl esters using an analytical evaporator (N-EVAP Model No. 111 USA), by addition of 2 ml of 14% boron tri¯uoride in methanol and 1 ml of toluene (2 : 1, vav) under nitrogen at 90 C for 45 min. After cooling down the tube at room temperature, 5 ml of hexane and 2 ml of saline were added into the tube. The samples were then vortexed and centrifuged at 1500 rpm for 10 min. The top hexane layer was taken out and transferred into SP-2560¯exible fused silica capillary column. Fatty acids were quanti®ed by gas ± liquid chromatography (Hewlett Packard 5890 Series II, USA), using hydrogen as the carrier gas at a head pressure of 20 psi. Fatty acids from carbon chain length 14 ± 22 were measured. Individual fatty acid level was expressed as the percentage of the total serum fatty acids.
Dietary assessment
A food frequency questionnaire consisting of most frequently consumed food items in the following seven categories was used: breadapastaarice (16 items); vegetables (63 items); fruits (26 items); meat (39 items); ®sh (31 items); eggs (5 items); beverages (37 items); dimsuma snacks (39 items); soups (10 items); and oilasaltasauces. For vegetarians, meat and meat products were removed from the food questionnaire and vegetarian food that are commonly consumed in Hong Kong were added. Wherever possible, subjects were told prior to the visit that a survey on a week's diet would be carried out and were advised to record brie¯y their diet to help the interview. On the day of the interview, each subject was asked to complete the questionnaire, including the food item, the size of each portion, and the frequency of consumption on a daily or weekly basis. Data were crossed-checked by examining the dietary pattern (for example, if meals were skipped) to see if it corresponded to the number of times staple foods such as rice or noodles were consumed over a one week period. The amount of cooking oil was estimated according to the method of preparing different foods: 0.2 tablespoon for steaming ®sh or stir-frying half a portion of vegetables or one portion of meat. Quantitation of dietary lipids was carried out using food tables for Hong Kong which were compiled from McCane and Widdowson (Holland et al, 1992) , and two food tables used in China, published by Zhongshan University (Tsang & Fung, 1991) and the Institute of Health of the Chinese Medical Science Institute (1992). Only crude ®bre intake instead of soluble ®bre could be quanti®ed, since many vegetables are not found in English food tables and only appear in the Chinese tables, which provide crude ®bre content.
Comparison between local omnivores and Caucasians, Japanese and Eskimos Serum fatty acids of the studied omnivores (n 194) were compared with other populations with different dietary fat consumption patterns. Due to lack of comprehensive data for Caucasians, data from Austin, Minnesota in 1975, including 103 healthy males and 101 healthy females with 10 subjects per sex for each decade of age from 0 to 90 y, was used for analysis (Holman et al, 1979) . The serum fatty acid concentration was presented as regression model with age, therefore, the mean age of our studied males and females was substituted in the regression model for each serum fatty acid and the values obtained were used for comparison with our studied data. The Japanese data were from a study of 110 healthy normal individuals (55 males and 55 females) recruited in Aomori, Japan, whose eating habits were believed to be representative of the average Japanese diet (Nakamura et al, 1995) . The serum fatty acid data were shown by age groups (30 s, 40 s, 50 s and 60 s). Data for Eskimos included 20 adults (10 males and 10 females) aged 17 ± 40 y (mean age: 27.0 y), randomly selected from a coastal village with a population of 370 people, in Southwestern Alaska (Parkinson et al, 1994) .
Statistical analysis
Statistical analysis was done using the SPSS program (spss version 6.1). Results are expressed as mean + s.d. Comparisons between groups were made using Student's t- . P values were twotailed and P-value`0.05 was considered signi®cant. Written consent was obtained from each subject and the study was approved by the Ethnic Committee.
Results
Subjects
For 194 omnivore subjects, the mean age was 43.4 + 11.2 y for male and 43.8 + 11.6 y for female. The mean body mass index (BMI) was 24.4 + 3.6 for male and 23.6 + 3.8 for female. The mean age and BMI of omnivores and vegetarians at the age between 30 and 55 y are shown in Table 2 . All vegetarian subjects were lacto-ovo-vegetarians and had practised vegetarian diet for more than 1 y. There was no signi®cant difference in age and BMI between omnivores and vegetarians.
Dietary intake
Nutrient intakes in vegetarians and omnivores are shown in Table 3 . The vegetarian group had a signi®cantly lower intake of energy and nutrients (energy-adjusted) but a higher carbohydrate intake compared with the omnivore group. Intake of saturated, monounsaturated and polyunsaturated fatty acids were higher in the omnivore group as compared with the vegetarian group. However, the percentage of polyunsaturated fatty acids contributing to the total dietary fat intake was signi®cantly higher in the vegetarian group than in the omnivore group, as shown by the ratio of polyunsaturated to saturated fatty acids. Cholesterol intake was signi®cantly lower in the vegetarian group and the mean intake was only half that of the omnivore group. Increase in dietary PUFA (percentage dietary fat) was re¯ected as an increase in serum PUFA (r 0.15, P 0.038), after controlling for age, sex and BMI. A trend of higher concentrations of serum SFA with higher consumption of saturated fat (percentage energy) was also observed, although this was not statistically signi®cant (r 0.13, P 0.071).
Serum lipid pro®le
The serum lipid pro®les of the vegetarians and omnivores are shown in Table 4 . The vegetarians had a signi®cantly lower concentration of serum total cholesterol, LDL-C and HDL-C. However, the LDL-CaHDL-C ratio was not different. ApoA-I concentration was signi®cantly higher in the vegetarians. Such differences were more marked between the vegetarian and omnivore women (1.48 vs 1.37, P 0.011).
Serum lipids showed signi®cant correlation with individual serum fatty acids after controlling for age, sex and body mass index. Triglyceride correlated positively with myristic acid (14:0; r 0.16, P 0.032), palmitic acid (16:0; r 0.20, P 0.007), palmitoleic acid (16:1n-7; r 0.27, P`0.001), oleic acid (18:1n-9; r 0.29, P`0.001), total trans (r 0.17, P 0.022) and total MUFA (r 0.39, P`0.001), but correlated negatively with linoleic acid (18:2n-6; r À0.16, P 0.026), arachidonic acid (20:4n-6; r À0.26, P`0.001) and total PUFA (r À0.21, P 0.004). The lowering effect of linoleic acid and total PUFA on serum triglyceride was more marked in vegetarians (r À0.49, P`0.001 and r À0.37, P 0.006, respectively).
Conversely, HDL-C correlated positively with eicosapentaenoic acid (EPA, 20:5n-3; r 0.19, P 0.008), arachidonic acid (r 0.18, P 0.014) and stearic acid (18:0, r 0.26, P`0.001), but correlated negatively with oleic acid (r À0.35, P`0.001, alpha-linolenic acid (18:3n-3; r À0.16, P 0.033) and total MUFA (r À0.36, P`0.001).
Serum total cholesterol and LDL-C showed positive correlation with docosapentaenoic acid (22:5n-6; both r 0.16, P 0.024). Moreover, serum total cholesterol correlated positively with EPA (r 0.19, P 0.011) but negative correlation with oleic acid (r À0.15, P 0.040).
Serum fatty acid pro®le
Sixteen fatty acids in serum were identi®ed (Table 5 ). The most abundant serum fatty acid in the studied population was linoleic acid (18:2n-6), followed by oleic acid (18:1n-9), palmitic acid (16:0) and stearic acid (18:0). Unidenti®ed peaks accounted for less than 0.5% of the total fatty acids. 
Dietary intake of Hong Kong Chinese HY Lee et al
Signi®cant difference was found between omnivores and vegetarians. Serum polyunsaturated fatty acids (PUFA) and monounsaturated fatty acids (MUFA) in vegetarians were signi®cantly higher than those in the omnivores. Saturated fatty acids (SFA), arachidonic acid (20:4n-6) and long chain omega-3 fatty acids (EPA, 20:5n-3; DHA, 22:6n-3) were lower in the vegetarians than those in omnivores. Trans fatty acids were found in all the omnivore subjects but only in 42% of the vegetarian subjects and were signi®cantly higher in omnivores.
Signi®cant gender differences were also found in both omnivore and vegetarian groups. Among the omnivores, men had signi®cantly higher concentration of total MUFA (23.6 + 4.2 vs 20.4 + 5.1; P`0.001), oleic acid (20.3 + 3.8 vs 17.6 + 4.6; P 0.001), eicosadienoic acid (0.2 + 0.2 vs 0.1 + 0.2; P 0.001), gamma-linoleic acid (0.8 + 1.5 vs 0.3 + 0.5; P 0.022) and palmitoleic acid (1.1 + 0.5 vs 1.0 + 0.5; P 0.037) than women. For vegetarians, men had lower concentration of eicosadienoic acid than women (0.1 + 0.2 vs 0.7 + 1.8; P 0.041).
Comparison between local omnivores and Caucasians, Japanese and Eskimo Compared with that in Caucasians, the analysis of serum fatty acids showed a favourable pro®le with respect to coronary heart disease ( Table 6 ). Hong Kong Chinese had signi®cantly lower concentrations of myristic (14:0) and palmitic acid (16:0) but higher concentrations of eicosapentaenoic (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 22:6n-3).
Oleic acid, which was found in this study to be positively associated with serum triglyceride but negatively associated with HDL-C and total cholesterol, was also signi®cantly lower. The difference in serum fatty acid pro®le between local and Caucasian populations re¯ects dietary differences. A comparison with the dietary pattern from an American adult population survey in 1989 ± 1991, which included strati®ed samples of the US population in de®ned geographic areas, showed that Hong Kong Chinese consumed more ®sh, fruits and vegetables but less milk and animal fat (Table 7 , Popkin et al, 1996) .
Matching the mean age of our studied omnivores, the serum fatty acid pro®le at age 40 s (mean age: 43.7 + 2.6 y for male and 42.7 + 2.5 y for female) from the Japanese Popkin et al (1996) .
Dietary intake of Hong Kong Chinese HY Lee et al data were used for comparison. Chinese omnivores had signi®cantly lower concentrations of serum palmitic acid, oleic acid, EPA and DHA, but higher concentrations of linoleic acid. Our studied omnivores had signi®cantly higher concentrations of palmitic acid but lower concentrations of DHA and EPA than Alaskan Eskimos.
Discussion
Features of Chinese diet are less than 30% energy from fat, less than 10% from saturated fat, and cholesterol intake not greater than 180 mga1000 Kcal (Woo et al, 1997) , which may contribute towards lower mortality rate from coronary heart diseases (Woo et al, 1989) . This study shows that differences in the serum fatty acid pro®le may also account for the difference in cardiovascular risk between Hong Kong Chinese and Caucasians. Myristic acid (14:0) and palmitic acid (16:0) concentrations have been shown to have a positive association with coronary heart disease risk while polyunsaturated omega-3 fatty acids, especially docosahexaenoic acid (DHA, 22:6n-3), have an inverse association (Simon et al, 1995) . Our ®ndings are compatible with the latter study, in that myristic and palmitic acids were signi®cantly associated with increased serum triglyceride, whereas polyunsaturated omega-3 eicosapentaenoic acid (EPA, 20:5n-3) was associated with increased HDL-C. Supplementation of the diet with omega-3 fatty acids for 6 months has been shown to decrease endothelial cell markers thrombomodulin (sTM) and von Willebrand factor (vMF), and increase the soluble forms of the cell adhesion molecules E-selectin and vascular cell adhesion molecule 1 (VCAM-1) in hyperlipidaemic middle-aged male smokers (Selje¯ot et al, 1998) . A similar ®nding was observed in patients with coronary heart disease after 4 weeks' treatment (Johansen et al, 1999) . Thrombomodulin, an endothelial surface receptor for thrombin, is thought to be a speci®c marker of endothelial injury, and vWF may be a marker of both endothelial injury and activation. The decrease in thrombomodulin and vWF would indicate a reduced activity towards endothelial damage and platelet activation and hence a lowering of haemostatic activity of the endothelium. Although an increase in E-selection and VCAM-1 found after omega-3 fatty acids supplementation may indicate an enhanced proin¯ammatory response, this may be due to oxidative stress induced by the excessively high concentration (5.1 gaday) of omega-3 fatty acids supplementation (Johansen et al, 1999) . The vasodilatory effect of omega-3 fatty acids may also be bene®cial in relation to coronary heart disease. A 6 week treatment with 1.8 gaday EPA showed that it signi®cantly augmented endothelial-dependent vasodilation in the forearm of coronary artery disease patients (Tagawa et al, 1999) . The augmenting effect of EPA is due to its direct effect on the endothelial vasodilator function, independent of nitric oxide (NO)-mediated or non-NO-mediated endothelial vasodilation, or to alterations in endothelial membrane properties such as changing receptor ± effector coupling or cell membrane¯uidity. The effects of omega-3 fatty acids on endothelium level may partly explain the lower incidence of coronary heart disease in Chinese, Japanese and Eskimo populations, where ®sh consumption is higher than among Caucasians.
The lower consumption of oleic acid in the local population compared with Caucasians as re¯ected in the serum fatty acid pro®le may also be bene®cial with respect to coronary heart disease risk. Oleic acid (18:1) induces a concentration-dependent reduction of NO synthase activity in endothelial cell in animal models (Davda et al, 1995) . However, in a human umbilical vein endothelial cell model, oleic acid was found to inhibit the expression of gene products involved in leukocyte recruitment and early atherogenesis (Carluccio et al, 1999) . Moreover, both alpha-linolenic acid and oleic acid have been shown to increase arterial compliance, resulting in a functional improvement in the systematic arterial circulation despite a rise in LDL oxidizability (Nestel et al, 1997) . These observation may provide a basis for the cardioprotective effect of a Mediterranean-type diet (which is high in the content of these fatty acids, De Lorgeril M et al, 1996) .
The presence of trans fatty acids (TFA) in our subjects indicated the frequent consumption of TFA-containing foods, particularly processed food. Trans fatty acids are mainly produced during oil hardening in food processing. In our study, a signi®cant positive correlation was found between serum TFA and serum triglyceride, consistent with the recent review that TFA increased LDL-C, total triglyceride, lipoprotein(a), but decreased HDL-C (Ascherio et al, 1999) . The net increase on the LDL-C to HDL-C ratio was suggested to be approximately double the effect of saturated fatty acids.
A high consumption of TFA (mainly from hydrogenated vegetable fats) prediposes to coronary heart disease (Willett et al, 1993; . A recent study on replacing butter (high in saturated fat) by margarine or shortening (high in TFA) showed a 4% increase in serum total cholesterol to HDL-C ratio relative to butter (Lichtenstein et al, 1999) . Avoidance of dietary TFA or food labelling of TFA content have been advocated (Ascherio et al, 1999; Lichtenstein, 1997; Lichtenstein et al, 1999) .
Epidemiological studies showed that vegetarians have lower incidence of chronic diseases including CHD (Key et al, 1996 (Key et al, , 1999 Fraser, 1999) , as the vegetarian diet has a better polyunsaturatedasaturated fat (PaS) ratio (close to 1), and higher ®bre and antioxidants from vegetables, fruits and nuts (Key et al, 1996; Fraser, 1999) . However, the higher serum palmitic and oleic acid concentrations in our vegetarian diets, and the high intake of carbohydrates may induce hypertriglyceridaemia (Bonanome & Grundy, 1988; Harris et al, 1984) . This effect may be prevented by the adequate intake of ®sh oil (Harris et al, 1984) . On the other hand, the higher serum oleic and alpha-linolenic acid concentration in vegetarians may have an overall cardioprotective effect as discussed above. The lower total omega-3 fatty acids in vegetarians is probably largely explained by the omission of ®sh in their diet. In spite of this, vegetarians are still at lower risk of cardiovascular diseases, probably because of other favourable dietary features such as lower intakes of saturated fats and trans fatty acids, and higher intakes of PUFAs. Although the total omega-3 fatty acids is lower, vegetarians have twice the level of 18:3, but one-sixth the level of EPA and half the level of DHA compared with omnivores, suggesting a reduced formation of EPA and DHA from substrate in vegetarians, perhaps as a result of higher linoleic acid level. The lower proportion of DHA in the blood and tissue lipids of vegetarians may adversely affect brain and cardiac function (British Nutrition Foundation, 1992) . Low plasma EPA and DHA concentrations may also be associated with the shorter bleeding times, higher blood platelet count and platelet aggregation observed in vegetarians Dietary intake of Hong Kong Chinese HY Lee et al (Mezzano et al, 1999; Li et al, 1999) , which may predispose to coronary thrombosis. Thus, ratio of linoleic acid to alpha-linolenic acid in vegetarian diets of between 4:1 and 10:1 has been suggested (Sanders, 1999) , and excessive intakes of linoleic acid should be avoided. A lower concentration of TFA was found in only 42% of the vegetarians. TFA was found to be positively associated with serum triglyceride in both omnivores and vegetarians in our study (r 0.17, P 0.022).
In conclusion, there are some favourable features in the serum fatty acid pro®le of the local population with respect to cardiovascular health compared with Caucasians. However, the consumption of TFA is of concern and regular surveys of the serum fatty acid pro®le in the population are important in the monitoring of cardiovascular health.
